Introduction
The Cretan population enjoyed one of the lowest mortality rates from cardiovascular disease (CVD) in the early 1960s, as indicated by the findings of the Seven Countries Study (Christakis et al, 1965; Aravanis et al, 1970) . Evidence from subsequent surveys, however, suggests that the prevalence of CVD among Cretans has been increasing rapidly during the past two-three decades (Voukiklaris et al, 1996) , and CVD now constitutes the primary cause of morbidity and mortality nationally (Chimonas, 2001 ). This trend comes at odds to what is observed in most developed countries, and has been attributed mainly to overall lifestyle modifications, such as adverse dietary practices (Kafatos & Mamalakis, 1993; Kafatos et al, 1997) , diminished physical activity , and limited health awareness of contemporary Greeks. At the same time, a number of conventional risk factors, and especially obesity (Mamalakis & Kafatos, 1996; Pitsavos et al, 2003) and dyslipidaemia Voukiklaris et al, 1996; Pitsavos et al, 2003) , are very common nowadays and, undoubtedly, confer increased CVD risk to Greek subjects. Central in our understanding of the escalating prevalence of CVD during the previous decades in Greece is to characterise changes in the magnitude and prevalence rates of risk factors that occurred over time. Relevant information is not available, however, either for adults or for children and adolescents. The latter is of major concern, since it is now well established that both the physiological precursors and the behavioural patterns related to the development of CVD have their origins in childhood and adolescence (Moller et al, 1994) . It is also clear that many traditional risk factors, such as obesity and related metabolic derangements like dyslipidaemia, are increasingly prevalent among youths and assume a key role in the early stages of the atherosclerotic process (Daniels, 2001) . These risk factors persist (ie track) into adulthood, albeit each to a variable degree, hence highrisk children and adolescents are likely to become high-risk adults (Dietz, 1998a, b) .
These lines of reasoning support the notion that examining secular trends in childhood and adolescence may potentially provide a valuable insight into the apparent surge of CVD in Greece, as well as an opportunity for prevention, by making an important contribution to the development of an effective public policy response. The purpose of the present study, therefore, was to document temporal changes in major CVD risk factors (ie obesity and dyslipidaemia) that have taken place among school-aged boys from Crete during 1982-2002.
Subjects and methods
All children participants were registered in primary and secondary education schools throughout Iraklio, which is the largest of the four counties of the island of Crete. The 1982 sample was selected from a larger cohort of children recruited from four geographical locations in Greece, who took part in a crosscultural study of CVD risk factors between US and Greek adolescents in the early 1980s (Fordyce-Baum et al, 1987) . For reasons of comparison, the 2002 sample was selected from the exact same regions throughout the county of Iraklio. A random stratified selection approach was used in both survey years (1982 and 2002) , taking into account the socioeconomic distribution of the population (urban and rural) on the basis of the previous-year census (ie census of 1981 and 2001 ) was calculated as weight (kg) divided by height (m) squared, and was used for subjects' classification as normal weight, overweight, and obese, according to the previously proposed cutoff points for childhood overweight and obesity adopted by the International Obesity Task Force (IOTF) (Cole et al, 2000) .
Forearm venous blood samples (10 ml) were obtained from each child in the morning before breakfast, following an overnight fast (412 h). Plasma was separated by low speed centrifugation using a bench centrifuge, and was stored at À801C until further analyses. The laboratory procedures followed in 2002 were identical to those in 1982. Total cholesterol (TC) was determined enzymatically (Allain et al, 1974) , high-density lipoprotein-cholesterol (HDL-C) was measured by the heparin-manganese precipitation method (Finley et al, 1978) , and triacylglycerol (TG) was determined colourimetrically (Fossati & Prencipe, 1982) . Reagents were obtained from Sigma Diagnostics (St Louis, MO, USA), and assays were carried out in duplicate on a centrifugal autoanalyser. Within-batch coefficients of variation for the determination of plasma lipid parameters were below 5% in both survey years. Low-density lipoprotein-cholesterol (LDL-C) was calculated by the Friedewald et al (1972) equation. The TC/HDL-C and LDL-C/HDL-C ratios were also estimated. Results were evaluated on the basis of the National Cholesterol Education Program guidelines for normal and abnormal concentrations of plasma lipids in children and adolescents (NCEP, 1992) .
Statistical analysis
Data are reported as means7s.e.m. or as proportions (%) and 95% confidence intervals (CI). Differences between the two cohorts (1982 vs 2002) were examined by analysis of covariance, after controlling for age (overall mean ¼ 12.1 y) and region (urban and rural). Distributions across the levels of a categorical variable were analysed by the nonparametric w 2 test of independence. When statistically significant associations between cohort and a given response were obtained, the 95% CI of the point estimate was used to identify which categories differ significantly from each ; Po0.001). According to the IOTF criteria, the prevalence of overweight and obesity nowadays was 1.6-and 3.1-fold higher, respectively, than it was 20 y ago (Table 2) . When overweight and obese children were grouped together, an odds ratio of 2.51 (CI: 1.92, 3.23; Po0.001) was obtained, meaning that the odds of being overweight or obese in 2002 were approximately 2.5 times higher than those in 1982.
When differences in BMI between the two cohorts were calculated for normal weight, overweight, and obese children separately, it appeared that increases since 1982 occurred variably across all adiposity categories. ; P ¼ 0.003). All lipid parameters measured were significantly different between contemporary boys and those from the 1980s (Table 1 ). In particular, TC has increased by 5.871.9 mg/dl (CI: 2.1, 9.5 mg/dl; P ¼ 0.002), HDL-C has decreased by 17.0 7 1.1 mg/dl (CI: À14.9, À19.1 mg/dl; Po0.001), LDL-C has increased by 20.971.9 mg/dl (CI: 17.3, 24.6 mg/dl; Po0.001), and TG has increased by 10.871.9 mg/dl (CI: 7.1, 14.6 mg/dl; Po0.001). The adverse changes in all cholesterol fractions resulted in multifold greater differences in lipid ratios, with increases averaging 0.9370.07 (CI: 0.80, 1.06; Po0.001) for TC/HDL-C and 0.8270.06 (CI: 0.71, 0.94; Po0.001) for LDL-C/HDL-C. It is worth noting that the above-mentioned differences in blood lipids between 2002 and 1982 strongly persisted even when controlling for BMI (P ¼ 0.017 for TC and Po0.001 for the remaining lipid parameters). Also, when differences were computed for normal weight, overweight, and obese children separately, contemporary boys were observed to manifest a deteriorated lipidaemic profile across all BMI categories (data not shown).
In line with the worsening of the blood lipid profile, a significantly lower proportion of contemporary school-aged boys had normal plasma TC, HDL-C, LDL-C, and TG concentrations, as well as normal TC/HDL-C and LDL-C/ HDL-C ratios, compared to those in the 1980s (Table 3 ). The actual percentage of normolipidaemic individuals has declined by 8.5% for TC, 15.7% for HDL-C, 23.1% for LDL-C, 5.4% for TG, 15.0% for TC/HDL-C, and 17.8% for LDL-C/ HDL-C, during 1982-2002. Odds ratios for the two-way classification (normal or abnormal) revealed that the odds of having abnormal lipid values were several fold higher in 2002 compared with 1982 (Table 4) .
Discussion
The present study was undertaken to determine changes in anthropometry and blood lipids of school-aged boys from Crete, Greece, which have taken place during the last two decades of the previous century , a time period when CVD morbidity and mortality among Cretans has been reported to increase at high rates (Voukiklaris et al, 1996) . Our findings indicate that contemporary children were taller, heavier, and had higher BMI values than their peers in 1982. Also, significantly more boys were overweight and obese nowadays than in the 1980s. Blood lipid profile has clearly worsened, with the prevalence of dyslipidaemia having increased by several fold since 1982. Seemingly, therefore, CVD risk profile of Cretan boys has largely deteriorated during the 20-y period of study.
Secular increases in the prevalence of overweight and obesity are consistent with previous research in many other developed and developing countries, and attest to the concept that childhood obesity has evolved into a worldwide epidemic (Ebbeling et al, 2002) . For instance, drawing on data from the Bogalusa Heart Study, it has been reported that the prevalence of overweight and obesity among US adolescents aged 5-24 y, defined as a BMI485th percentile, has approximately doubled from 1973 to 1994, and that yearly increases during the latter part of the study (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) were approximately 50% greater than those between 1973 and 1982 (Freedman et al, 1997) . Similar results have been obtained for British and Scottish boys aged 9-11 y (Chinn & Rona, 2001 ). Based on the IOTF criteria, there was little change in overweight and obesity prevalence rates during 1974-1984, but there was an apparent doubling from 1984 to 1994 (Chinn & Rona, 2001 ). Likewise, among Australian children aged 7-15 y, changes in the prevalence of overweight and obesity defined according to IOTF were negligible during 1969-1985, but the prevalence of overweight increased by 60-70% and the prevalence of obesity tripled during 1985-1997 (Booth et al, 2003) . These findings suggest that not only the prevalence of overweight and obesity in children has been increasing during the previous decades, but also that it has increased more rapidly from the 1980s onwards.
Results from the present study confirm similar changes among school-aged boys from Crete, Greece, during 1982-2002. The net proportion of normal weight individuals has declined by approximately 19% since 1982, and this fraction has been redistributed between those being overweight ( þ 10.5%) and obese ( þ 8.6%). This translated into a more than 60% and a more than 200% increase in the prevalence of childhood overweight and obesity, respectively ( Table 2) . The mean changes in height, weight, and BMI are generally consistent with data on the prevalence of overweight and obesity. The mean weight has increased by 9.6% and mean height has increased by 1.1% over the period of study (Table 1) . Changes in height and weight averaged 0.85 cm and 2.2 kg per decade, respectively, and are similar to those reported previously for other young adolescent populations (ie 0.7-2.5 cm and 1.7-2.5 kg per decade for height and weight, respectively) (Freedman et al, 2000; Booth et al, 2003) . As a result, mean BMI of contemporary Cretan boys was 8.4% higher than it was 20 y ago, increasing by an average rate of 0. In this respect, it may be inferred that boys in all BMI categories, and not just the obese ones, have become heavier or fatter. When overweight and obese children were grouped together, results showed that the largest increases have occurred at the upper ends of the BMI distribution, in accordance with previous observations (Freedman et al, 1997; Flegal & Troiano, 2000; Moreno et al, 2000) . 
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We have also documented striking temporal changes in blood lipids of Cretan boys, suggestive of a largely deteriorated lipidaemic profile. On average, contemporary children had 3.6% higher TC, 24.9% lower HDL-C, 25.3% higher LDL-C, 19.4% higher TG, 36.6% higher TC/HDL-C ratio, and 60.3% higher LDL-C/HDL-C ratio, compared with their peers in 1982 (Table 1) . These increases strongly persisted even when adjustments for BMI were made, implying that the higher BMI in 2002 was not solely responsible for the adverse blood lipid changes. Attesting to this notion is the fact that similar trends towards a deteriorated lipidaemic profile were observed across all adiposity categories, and there was no apparent dependence on whether normal weight, overweight, or obese boys were considered. Nevertheless, it should be acknowledged that BMI does not accurately reflect regional deposition of fat, and it was recently shown that fat distribution, as evaluated by dual-energy X-ray absorptiometry, correlates better and is a more important determinant of plasma lipids in children than BMI . We have no means by which to assess secular trends in regional fat deposition in these Cretan boys, but it is quite plausible that if such a shift has indeed occurred, then it could explain some of the observed differences in blood lipids. Consequent to these changes, the proportion of normolipidaemic individuals has declined considerably since 1982 (Table 3) , while the odds of having abnormal lipid values among contemporary boys were approximately 1.4-to 8.8-fold higher than in the 1980s (Table 4) .
Results from previous studies with regard to secular trends in blood lipids among young adolescent populations have been rather equivocal. Using data from the Third National Health Examination Survey (NHES III: 1966 -1970 , and the First and the Third National Health and Nutrition Examination Surveys (NHANES I: 1971 -1974 , and NHANES III: 1988 -1994 , it was reported that TC in US white boys aged 12-17 y remained relatively stable over 1966 -1974 and, in fact, manifested an 8 mg/dl decline during 1974 -1994 (Hickman et al, 1998 . Data from the Bogalusa Heart Study, however, revealed no such decrease over 1973-1988 in 10-y-old children (Nicklas et al, 1993) , while on the contrary, findings from the Princeton School Study showed a significant increase in the mean TC concentration and, accordingly, in the prevalence of hypercholesterolaemia (defined as TCX200 mg/dl) during 1975 -1990 ). An increase in TG and a decrease in HDL-C, accompanied by small increases in TC and LDL-C, have also been reported for US children during 1984 -1992 , but not during 1973 -1981 (Gidding et al, 1995 . Finally, the Cardiovascular Risk in Young Finns Study documented not only a mean decrease in TC (À16 mg/dl or À8.5%) and LDL-C (À9 mg/dl or À7.5%), but also in HDL-C (À10.6 mg/dl or À19%), and a mean increase in TG (11.7 mg/dl or 15%), among Finnish adolescents aged 15 and 18 y between 1980 15 and 18 y between and 1992 15 and 18 y between (Porkka et al, 1997 .
It is interesting to refer to a recent comparative study between Japanese, Spanish, and US children aged 1-18 y (Couch et al, 2000) . In the Japanese, mean TC has increased by 6.5% from 1960 to 1980, and by an additional 3.5% from 1980 to 1990. Likewise, mean TC has increased by more than 6% in Spanish children during [1982] [1983] [1984] [1985] . On the other hand, mean TC in US children has not changed significantly over [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] . The authors have also taken into account secular changes in adiposity, physical activity, and dietary fat intake, and concluded that differences in these parameters were not likely to explain differences in TC concentrations across the three populations (Couch et al, 2000) . Therefore, the hypothesis was advanced that increasing total and saturated fat intake in populations not previously exposed to such intakes (ie the Japanese and the Spanish) could possibly lead to greater and more adverse changes in blood lipid profiles than in populations long adapted to Western diets by genetic selection or other mechanisms (ie the US) (Couch et al, 2000) .
According to this line of thinking, the considerable deterioration of blood lipids in Cretan children during 1982-2002 could well be associated with the rapid westernisation of lifestyles during the same period in Greece. Although we do not have dietary data for this population, a diet rich in total and saturated fat (more than 40 and 15% of total energy, respectively) is often observed among contemporary Greek children and adolescents, whether in northern Greece, central Greece, Athens, or Crete (Roma-Giannikou et al, 1997; Hassapidou & Fotiadou, 2001; Ferro-Luzzi et al, 2002; Manios et al, 2002) . Certainly, the Greek paediatric population was not used to such intakes in the previous decades, especially with respect to saturated fat (Aravanis et al, 1988) , and this could possibly account for the worsening of blood lipids, according to the hypothesis of Couch et al (2000) . Theoretically, modern sedentary lifestyles could also contribute to our findings, although secular changes in physical activity (Eisenmann, 2003) and physical fitness (Eisenmann & Malina, 2002 ) in children do not show a declining trend nor do they support such a connection. The above points notwithstanding, lack of dietary and physical activity information for these Cretan boys does not allow for drawing firm conclusions about the underlying environmental influences, other than speculative ones.
We also ought to refer to some other potential limitations associated with our observations. Surveys that are not specifically designed for comparison may be subjected to methodological variations that should be taken into account when forming conclusions (Booth et al, 2003) . In this study, care was taken so that all procedures in 2002 closely matched those in 1982. Boys were recruited from the same regions throughout the county of Iraklio, Crete, by methods of random selection, and response rates were adequately high. The methodology used was in most instances identical, and we do not feel that the few differences encountered (eg a more accurate scale in 2002 for weight measurements and a newer autoanalyser model for biochemical measurements) could account for, and hence confound our interpretation of the results. Therefore, we are confident that secular trends recorded in the present study reflect 'true' changes and are representative of the Cretan paediatric population. Also, despite that adiposity and blood lipid profile have a strong genetic predisposition, it is very unlikely that changing gene pools can explain our observations, which were made in the same population over a 20-y period. The latter would be too short to affect the genetic background of the affected population (Deckelbaum & Williams, 2001 ). Overall, however, one should be reminded that results of a quantitative assessment of secular changes in children critically depend on the timing of sampling of data which is used for comparison, with the possibility of considerable differences being observed when sampling is made 2-5 y apart (DankerHopfe & Roczen, 2000) .
In summary, the present study was carried out to examine secular trends in anthropometric and blood lipid indices of school-aged boys from Crete, Greece, during 1982 Greece, during -2002 . The several fold rise in the prevalence of obesity and dyslipidaemia since the early 1980s is consistent with a considerable worsening of the CVD risk profile of Cretan children. These findings are alarming, in that they predict an unfavourable CVD incidence and mortality for this population in the foreseeable future, should no therapeutic or preventative measures be implemented.
